Mode of coordination of the drug Sulfanilamide has been meticulously studied in its transition metal complexes with Fe(III), Ni(II) and Cu(II). The present study deals with green synthesis of these metallodrug compounds by microwave irradiation. Elemental, spectral and thermal analysis methods have been carried out for the elucidation of structure of complexes and the coordination behaviour of ligating drug with the metal ions. Sulfanilamide is found to exhibit a bidentate behaviour in Fe(III) and Cu(II) complexes, whereas it shows monodentate coordination with Ni(II). Thermogravimetric data (TGA and DTA) have been utilised to evaluate the kinetic and thermodynamic parameters using Coats and Redfern integral equations. Investigation of antibacterial properties of the complexes has been done against E. coli, S. aureus and B. subtilis.
INTRODUCTION
Sulfanilamide and its derivatives, comprise a group of molecules, known as Sulfonamides ever since the discovery of sulfanilamide in 1939, these molecules are widely used as chemotherapeutic agents known as Sulfa drugs 1 . In past few decades, transition metal complexes of these drugs have gained much attention as important diagnostic and therapeutic agents. Medicinal inorganic chemistry effectively exploits the coordination properties of the metal ions as well as the donor behaviour of these drug molecules in designing of advanced metal based therapeutic agents, known as metallodrugs, which possess enhanced pharmacological properties, such as increased antibacterial potency, diminished toxicity, optimum solubility in biological fluids and minimal side effects [2] [3] . Metallosulfa drugs find important use in pharmaceutical industries as anticancer and radio sensitizing agents, antibiotics, antibacterials, antivirals, antiparasites and antidiabetics 4 . Appreciable amount of work has been reported on the synthesis and biological studies of these metal-based sulfa drugs in the past [5] [6] [7] [8] [9] [10] . But research articles on thermal studies of these complexes are still very scarce. Also the literature survey reveals that microwave assisted organic synthesis (MAOS) of transition metal complexes of sulfonamides has been rarely reported.
were monitored by thin layer chromatography (TLC) using silica gel. The complexes finally precipitated down as amorphous solids and were filtered off, washed with distilled water and ethanol and were then dried in desiccators. UV-Vis spectra of sulfanilamide and its complexes were determined using a double beam spectrophotometer of Royal model with quartz cell of 10mm light path and a range of 200-1100 nm, in DMSO solvent, owing to the restricted solubility of the complexes. FTIR spectra for all the complexes were recorded on Bruker Optic Model Alpha (FTIR) (Zn-Se Optics, ATR) (4000-400 cm -1 ) using KBr disc. Thermogravimetric Analysis (TGA), Derivative Thermogravimetric Analysis (DTG) and Differential Thermal Analysis (DTA) of all the complexes was conducted at a constant heating rate of 10 o C/min, using Mettler Toledo (TGA/DSC/ IHT/546) STARe system, within a temperature range of 30-900 o C using alumina crucible. The magnetic studies of the complexes have been carried out at room temperature. The antimicrobial investigations of metal drug complexes and their parent drug were conducted against three bacterial strains i.e. Escherichia coli, Staphylococcus aureus and Bacillus subtilis, by disc diffusion-zone inhibition method, using nutrient Muller Hinton Agar medium (Himedia) 13 . The inoculated plates were incubated at 37 The present study deals with microwave irradiation method for the green synthesis of metal complexes of sulfanilamide with Fe(III), Ni(II) and Cu(II) ions. Microwave assisted synthesis involves microwave dielectric heating, and hence has a number of advantages associated with it. As it generates rapid heating of the reactants, the reaction time period as well as the side reactions are greatly reduced, thereby increasing the yield and improving the reproducibility of the reaction 11 . Sulfanilamide molecule contains three potential donors sites i.e. N atom of aromatic amino group, N atom of sulfonamide group and O atom of sulfonyl group 12 
.
Hence, our present work aims to discover elaborately the coordination behaviour of sulfanilamide drug with a few transition metal ions in direction of developing the pharmacodynamics of the drug. Thermal studies of the complexes provide evidential backbone to the spectral findings and also reveals the thermal decomposition behaviour of the complexes within a viable temperature range of 30-900 o C. Effect of metallation on the efficacy of sulfanilamide drug as compared to the parent drug molecule has been studied by antibacterial investigations. 
MATERIALS AND METHODS

Metal
RESULTS AND DISCUSSION
Synthesis of complexes by the green method of microwave irradiation was found to be very effective. The yields of the complexes prepared were appreciable and better than those prepared by conventional thermal methods [14] [15] [16] [17] . Also the overall reaction time period consumed in thermal method has was reduced from several hours to few minutes in case of microwave synthesis. The findings are assimilated in Table 1 . 
Electronic spectra
The recorded UV-Vis spectra of pure drug Sulfanilamide and its Fe(III), Ni(II) and Cu(II) complexes are presented in Fig. 2 and Table 2 .
Fig. 2. Electronic Spectra of Sulfanilamide and its metal complexes
The d-d transition bands observed for all the three complexes were very weak and less defined as compared to the strong inter-ligand transitions and the L→M charge transfer bands. In aqueous solution, phenyl and SO 2 groups of sulfanilamide molecule exhibit resonance and merge together to display a single strong absorption band at 265 nm due to π → π* and n → π*transitions. When recorded in DMSO, this characteristic band of sulfanilamide molecule is appears at 300 nm 18 . Upon complexation this characteristic band shifted, appreciably, towards lower wave lengths and appeared at 270, 282 and 255 nm in Fe(III), Ni(II) and Cu(II) complexes respectively. The decrease in λ max ensures the coordination of drug molecules with the metal ions and also signifies the decrease of electron delocalization in the sulfanilamide molecule upon complexation to the metal ions. In Fe(III)-Sulfanilamide complex absorption bands at 347 and 500 nm are assignable to L→MCT and Table 2 .
FTIR spectra
Vibrational frequencies of sulfanilamide drug and all its three complexes have been recorded between 4000 to 400cm -1 and are given in Fig. 3 and Table 3 . Important frequencies have been assigned by comparing the IR spectra of complexes with those of pure sulfanilamide and the data provided in the literature [20] [21] . Sulfanilamide is an effective chelating ligand and can behave as monodentate or bidentate through its potential donors sites i.e. primary aromatic amino N atom, sulfonamidic N atom and sulphonyl O atom . The IR spectra of pure sulfanilamide showed two strong bands at 3478 and 3375 cm - 
Thermal Analysis
The TGA, DTG and DTA thermograms for sulfanilamide and its Fe(III), Ni(II) and Cu(II) complexes are presented in Fig. 4 , 5 and 6.
Thermal decomposition of [Fe(SA)Cl 2 ].H 2 O
The thermal decomposition data of Fe(III) -Sulfanilamide complex supports a three stage decomposition. The first stage of decomposition is attributed to the loss of one molecule of water of hydration with an estimated mass loss of 5.68% (obsd. 7.67%). The DTA curve exhibits a broad endothermic peak for the same. This water molecule is lost very early, within the temperature range 30-120 o C, and hence signifies that its association with the complex is not as coordinated form but it constitutes water of crystallisation and showed a broad exothermic peak and final breakdown of the complex to yield a stable dark black residue of NiO.
Thermal decomposition of [Cu(SA) 2 (H 2 O) 2 ]
Thermogram of Cu(II)-Sulfanilamide complex remained practically stable till 180 o C. Thereafter the complex showed a sharp endothermic peak followed by a broad exothermic peak in DTA plot, depictive of the process of melting of the complex along with its decomposition. Evaluation of Kinetic and Thermodynamic Parameters Non-isothermal rate laws can be used for the evaluation of kinetic parameters, such as order of reaction (n), activation energy (E) and frequency factor (A), from the thermoanalytical data. The present study involves utilization of thermogravimetric data (TGA, DTA and DTG curves) to evaluate various kinetic and thermodynamic parameters of metal complexes of Sulfanilamide, for all the stages of decomposition, using graphical method of Coats and Redfern [25] [26] .
Calculation of thermodynamic parameters from the thermal data has been achieved using standard thermodynamic relations given as: plot, ∆H is the Enthalpy of activation and ∆G is Gibbs free energy. The kinetic and thermodynamic parameters hence derived are presented in and Table 4 and Table 5 Where ∆S is the entropy of activation, h is Planck's constant, K is Boltzmann constant, T max is DTG peak temperature that is obtained from DTG 
Antibacterial Investigations
All the three complexes along with their parent drug were tested for antibacterial activities against the bacterial cultures of E.coli, S.aureus and B.subtilis. The experimental results and data are given in Fig. 9 and in Table 5 . In the present study it was found that, whereas Cu(II)-Sulfanilamide complex showed no significant antibacterial activity, the Ni(II)-Sulfanilamide complex proved to be promisingly effective against all the three strains. Fe(III)-Sulfanilamide complex showed prominently enhanced antibacterial activity only against S. aureus bacteria. It has been known that the free aromatic amino group present in the sulfa drugs is the potential site that is mainly responsible for their antimicrobial properties [27] [28] . These results, hence, may be attributed to the presence or absence of any form of water molecules in the complexes, which may or may not show any secondary interaction with free primary amino group present in ligand group. Since Cu(II) complex is found to contain coordinated water molecules which interact with free amino group of sulfanilamide to reduce its free availability. Hence it shows diminished or least antimicrobial activity against these bacteria, as compared to the other two metal complexes. Unlike Cu(II) complex, the absence of any form of water molecules in Ni(II) complex renders the aromatic amino group free for effective antimicrobial activity. While Fe(III) complex shows only a moderate effect. 
CONCLUSION
Th e p res ent st ud y, dis cu sse s the microwave organic synthesis, spectral and magnetic characterization, thermal decomposition studies and antimicrobial studies for Fe(III), Ni(II) and Cu(II) complexes of Sulfanilamide. UV/Vis spectral analyses confirmed the of co-ordination of drug molecules with the metal ions, which was supported by the FTIR spectral data and the magnetic data. On the basis of FTIR and thermal decomposition data, Sulfanilamide drug was found to behave as monodentate as well as bidentate ligand, facilitating six coordinate octahedral geometry around Ni(II) and Cu(II) ions and a four co-ordinate tetrahedral geometry around Fe(III) ion in their sulfanilamide complexes. The thermoanalytical data and Coats and Redfern graphical method has been utilized for the calculation of kinetic and thermodynamic parameters. The Fe(III), Ni(II) and Cu(II) complexes of sulfanilamide were found to have good stability at lower temperatures and their decomposition started only after their melting. The positive values of gibbs free energy (∆G), indicate that thermal decomposition process for all the complexes is highly non-spontaneous. Thermal degradation followed a multi step decomposition for all the complexes followed by formation of a final stable residue of metal oxide. Biological studies for determining the antimicrobial activities of the complexes were carried against of E.coli, S.aureus and B.subtilis. Among the three complexes, Ni(II)-Sulfanilamide complex proved to be very effective against the three bacterial strains taken. While the efficacy of Fe(III) complex was found only against S.aureus. Cu(II)-sulfanilamide complex did not show any satisfactory resistance against any of the three strains.
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